The purpose of this study was to evaluate the amount of released of silver and copper oxide nanoparticles when they were incorporated in heat cured acrylic resin denture, chemical cured soft liner, and cream type adhesive.
INTRODUCTION
Polymethymethacrylate (PMMA) is a standout amongst the most generally utilized material in prosthetic dentistry. Since its presentation into dentistry it has been effectively utilized for denture bases because of the simplicity of its preparing, ease, shading coordinating capacity, and light weight. It is additionally utilized for some appliances, for example, splints, stents, and night guards (1) The utilization of soft liners delivered a psychological improvement in masticatory capacity, comfort and fulfillment compared with hard denture liners. Besides, the viscous behavior of the soft lining materials was observed to be a significant factor of this improvement, while in hard processed and cold cured, loss of cushioning continues over time (2) more noteworthy improvement in masticatory function (3) . Denture adhesives are utilized to build the maintenance of trial denture bases during jaw relation, try in, with denture base during addition of dentures, and with dry mouth patients (4) .
Nanotechnology has numerous modern applications in industry including electronic, human services, synthetic, beauty care products, composites and energy fields (5) . In dentistry nanoparticles has a developing use as in local anesthesia, cancer diagnosis and treatment, mouthwash or toothpaste containing nanoparticles, impression material, composite fillings, implants, and bone replacement (6) . Kamikawa et al (7) demonstrated that the coated heat cured acrylic resin with silver nanoparticles reduce Candida albicans adhesion after 1, 3, 5, and 24 hours at 37ºC. The longer incubation time, less adhesion will be. Rad et al (8) compared the compressive strength, tensile strength and thermal conductivity of acrylic base of complete dentures with those of acrylic reinforced with silver nanoparticles. They proposed that the mean thermal conductivity and compressive quality silver nanoparticles in denture base material were altogether higher than the unmodified acrylic.
Copper oxide has shown a great activity against Candida albicans (9) . Ramazanzadeh et al (10) demonstrated that incorporation of copper oxide nanoparticles in orthodontic brackets significantly reduce the amount of S. Mutans biofilm. Ginjupalli et al (11) found that alginates consolidated with copper oxide nanoparticles displayed antimicrobial action without and adverse effect on strength, gelation time, flow of impression and permanent deformation.
In fact, both engineered and incidentally, released nanoparticles may share a few common adverse effects on human health wellbeing. The level of poisonous degree is dependent on the shape, size, and grouping of the discharged nanoparticles (12) . So, it is useful to quantify the measure of the amount of released nanoparticles when incorporated from the different prosthetic materials in order to understand their toxicity.
MATERIALS AND METHODS
A total number of two hundred and ten specimens were prepared. Thirty samples of heat cured acrylic resin denture base (Acrostone, Egypt), chemical cured acrylic resin denture liner (Acrostone, Egypt), and cream type denture adhesive (Corega, Galaxo Smithkline, England) were free from nanoparticles and used as a control (ten samples each). The remaining samples were divided into two groups: (Group I) contained Copper-oxide nanoparticles, and (Group II) contained silver nanoparticles. Each group had thirty samples of denture base containing (0.1%, 0.3%, and 0.5%) of either silver or copperoxide nanoparticles (ten samples each). The same was done for denture liner and adhesive.
Silver and copper oxide nanoparticles solution (spherical shape, <10nm) were measured and added to the monomer of both denture base and denture liner. The powder of acrylic resin was mixed with nanoparticles containing liquid according to manufacturer instructions. The material was mixed until dough stage and packed in 2cm X 2cm metallic mold. For heat cured acrylic resin denture base, the mold was packed and set in hot water bath according to manufacturer instructions. For chemical cured denture liner, the mold was left until curing. In denture adhesive samples, nanoparticles were added directly in the adhesive and then spreaded over heat cured samples (2 cm X 2cm) free from nanoparticles. Each sample was placed in 10 ml distilled water for one week then the amount of the released silver and copper nanoparticle ions were measured by spectrophotometer.
Statistical Analysis
Numerical data were explored for normality by checking the distribution of data and using Shapiro-Wilk test of normality. Data showed normal (parametric) distribution. Data were presented as mean and standard deviation (SD) values. Two-way repeated measures Analysis of Variance (ANOVA) was used to compare the amount of release between the two groups as well as to study the effect of time, concentration, and material. Bonferroni's posthoc test was used for pair-wise comparisons. The significance level was set at P ≤ 0.05. Statistical analysis was performed with IBM SPSS © Statistics Version 20 for Windows.
RESULTS
The mean values of release in ug/ml are represented in table (1) and figure (1) . Data showed increased release by increasing concentration in both denture base and adhesive within each group. On the other hand, the release in the denture liner of both groups was the greatest in 0.1% concentration followed by 0.3% and 0.5% respectively. The amount of release was higher in denture adhesive than denture liner followed by denture base. The amount of release between both groups showed closer values. Table ( 2) showed statistically significant difference between various concentration and with the control samples in both groups. Table (3) showed statistically significant difference between denture base, relining material, and adhesive.
Table (4) showed that the effect of nanoparticles concentration and different denture types in nanoparticles release was significant. Meanwhile, the different nanoparticles materials have no significant effect on nanoparticles release. 
DISCUSSION
Release of nanoparticles is reliant on polymer nature which enable diffusion of water inside polymer chains. According to the dual-sorption theory, there are two different physical mechanisms that affect mass-transfer: diffusion and embedding (intermolecular forces among penetrant and membrane). The water molecules which initially surrounding the polymeric specimen will broaden the interspace between the polymer chains (13) . This lie in agreement with Damm et al (14) , who showed that the release of nanoparticles is higher in hydrophilic solution, which increase the water content inside the polymer. Kang et al (15) found that the acrylic resin soft denture liners are more hydrophilic and have more surface energy than acrylic resin hard denture liner. Tuna et al found that mass growth by water sorption of heat cured acrylic resin denture base was between 11% and 30% (16) . In chemical cured acrylic resin denture liner it was 45% & 79% according to Ziral et al (17) . Boruvkova et al (18) showed higher values ofwater sorption of carboxymethyl cellulose in distilled water between 200% and 1600%. Kumar et al (19) , found that release of silver nanoparticle ions from polyamide polymer is reliant on its absorption.
Higher number of nanoparticles release from denture liner and adhesive more than heat cured acrylic resin denture, and high amount of release with increasing nanoparticle concentration in denture base and adhesive with reverse pattern in denture liner can be clarified by the dual sorption theory, the nature of polymer, and water sorption as stated before. Increasing nanoparticles concentration in the heat cured denture base monomer will increase the amount of the nanoparticles entrapped inside polymer network by the effect of heat during curing leaving few numbers of free nanoparticles outside the polymer. The water diffusion inside the polymer chains is difficult due to the low hydrophilic nature of heat cured denture base polymer. The remaining number of free nanoparticles outside the polymer network become easily flushed with water. Kumar et al (20) showed that the release of nanoparticles is higher in polymers that have higher degree of crystallinity as denture base. Lim et al (21) showed that the water sorption is higher in amorphous polymers than polymers with higher crystallinity. The opposite is true for the denture adhesive where water diffusion is easy inside the polymer chains due to high hydrophilicity, which takes more nanoparticles from the polymer chains. On the other hand, in a low concentration of nanoparticles in the denture liner, a greater number of nanoparticles precipitates outside polymer chains. It seems that lack of heat hinders the passage of nanoparticles inside the polymer chains, and more amount of water will absorb inside the liner more than denture base and flush more nanoparticles atoms. With higher concentrations of nanoparticles, more atoms are enforced to trap inside the polymer chains leaving small number of free nanoparticles outside. This is supported by Eurwongpanich et al (22) where Scanning Electron Microscope (SEM) of acrylic soft liners containing silver nanoparticles showed that the nanoparticles are more dispersible on the border of the material more than any other area, it was explained that the silver nanoparticle ions were extruded by polymerize force of materials into border area.
Results of this study is reverse to Monterio et al (23) , where silver Nanoparticle ions were not detected in water from heat cured denture base containing (0.05%, 0.5%, and 5%) silver nanoparticles (spherical, 60 nm in diameter). This may be due to the difference in diameter of nanoparticles with our study. Granbohm et al (24) showed that silver release of nanoparticles from nanocomposite is highly dependent on the size of nanoparticles. Nanoparticles below 20-30 nm in size are characterized by an excess of energy at the surface and are thermodynamically unsteady (25) Released values of silver nanoparticles in this study (lower than 10 ug/ml) were lower than toxic values silver nanoparticles in vivo studies. Takenaka et al (26) showed liver and neuroendocrine cell lines toxicity at (10-100 ug/ml) concentrations of silver nanoparticles because of cellular disruption, reduced glutathione (GSH) depletion, reduction of mitochondrial potential, and an increase in reactive oxygen species (ROS). Rosas-Hernández et al (27) showed toxicity of rat coronary endothelial cells when silver nanoparticles concentration is (100 μg/ ml). Samberg et al (28) showed silver nanoparticles topical skin toxicity of in pigs at 34 ug/ml. The effects were edema, epidermal hyperplasia and focal inflammation. Mahmoud et al (29) showed highest values of human neuronal cell genotoxicity at copper oxide nanoparticles concentrations 15 ug/ml, and highest values apoptosis at 40 ug/ ml. Ivast et al (30) showed mice fibroblasts toxicity when copper oxide nanoparticles concentration is 49.9 ug/ml. Transmission electron microscopic analysis study by Wang et al (31) showed copper oxide nanoparticles toxicity to lung epithelial cells lysosomes, mitochondria, and nucleus occur when copper oxide nanoparticles release is 15 ug/ml.
CONCLUSION
· Increasing nanoparticles concentration increases nanoparticles release in denture base and adhesive, and vice versa in denture liner in both groups.
· Nanoparticles release was higher in denture adhesive followed by denture liner and denture base respectively in both groups.
· Both silver and copper oxide nanoparticles show insignificant different in release in all denture types.
· All values of release were below the level of the low toxicity of both silver and copper nanoparticles
